This study investigated the impact of human activities on land degradation in Lugari Sub
INTRODUCTION
Environmental degradation is a result of the interplay between socio-economic, institutional and technological forces (Githiomi and Oduor, 2012) . The rapid industrial development of recent years has led to a number of shared environmental problems in the world. These include diminishing forests, altered or lost habitats and loss of biodiversity (Knowler and Bradshaw, 2007) severe land degradation, polluted water and declining availability of clean water and the degradation of marine and coastal resources (Gedikoglu and McCann, 2012) . Nkonya et al (2011) identified biophysical and unsustainable land management practices as the immediate causes of land degradation. They listed population density, poverty, land tenure, and access to agricultural extension, infrastructure, and markets, as well as policies that promote the use of land degrading practices as the underlying causes of land degradation. *Corresponding authors: E-mail: ralphcfx@gmail.com Population impacts on the environment primarily through over utilization and mismanagement of natural resources and production of wastes that are directly associated with environmental stress (Matano et al., 2015) which leads to loss of biodiversity, air and water pollution.
In most parts of the world, land degradation occurs due to human activities and natural factors. According to Ademiluyi et al (2008) , Africa has among the fastest rates of deforestation in the world associated with competing land uses which are mainly agriculture and human settlements. The rising demand for fuel wood and charcoal is also a major cause of deforestation and land degradation in this region where biomass is the main source of energy for domestic uses. (Matano et al., 2015) The high population growth rates and migration in response to shortage of land resources are important factors contributing to the degradation of agricultural land (Diagana, 2003) . Maitima et al (2004) explained that soil erosion is a common phenomenon in the intensively grazed areas of sub Saharan Africa due to lack of pasture management practices. Here, expansion of livestock farming practices, the increase in their numbers and in some places integration with rain fed agriculture in low potential areas leads to soil erosion. Land degradation by depletion of soil nutrients is widespread in areas of subsistence farming especially as a result of removal of crop residue from farmlands either by burning or for domestic energy. This type of degradation intensifies the acidity levels in the soils and may trigger soil erosion, and also reduces crop yields (FAO, 2001) .
Management and utilization of natural resources is often considered as the most critical environmental problem in Kenya. However, pollution from industrial and domestic sources and related public health problems is also becoming a real menace. Water and air pollution and domestic and industrial wastes are some of the critical diseconomies that have resulted from the process of industrial expansion and social transformation in the country (Kamau, 2010) .
Land degradation impacts directly and indirectly on people's livelihoods, their vulnerability and food security (McDonagh et al, 2006) . Bationo et al (2006) stated that land degradation is the most serious threat to food production, food security, and natural resource conservation in Africa. They explained that the African population is trapped in a vicious cycle between land degradation and poverty, and the lack of resources and knowledge to generate adequate income and opportunities to overcome the challenges of land degradation.
Due to land degradation, Net Primary Productivity (NPP) index decreased in South Africa with a 41 per cent reduction in croplands (Bai and Dent 2007) About 17 million people, 38 % of the South African population, depend on these degrading areas. Using GIS analysis, Kayhko et al (2010) demonstrated effects of land degradation on forest resources in Zanzibar, Tanzania. They reported that about 6 million hectares of primary forest is lost annually due to agriculture, logging, and other human activities responsible for land use and land cover changes (FAO, 2006; Lambin et al, 2003) . In Kenya over the period , NPP increased in woodland and grassland, but hardly at all in cropland and in 40 % of cropland it decreased. This was in the context of a doubling of human population over the same period and an increased demand for food resources .
In Sub-Saharan Africa, most economic developments are agriculturally based with two thirds of African countries depending on agriculture for their livelihoods. Diagana (2003) explains that in this region, most farmers are small holders with 0.5 to 2 ha of land and who earn less than US $1 a day. Many of the farmers face 3-5 months of hunger, have large families and are malnourished. The fate of the agricultural sector, therefore, directly affects economic growth, poverty eradication programs and the social welfare of livelihood Wanjala and Kinyanjui 0039 in Africa. In Kenya specifically, agricultural productivity and food security are currently under serious threat due to the decline in soil fertility (Kabubo-Mariara, Linderhof, Kruseman, Atieno and Mwabu, 2010) . Land use changes in Kenya and East Africa have transformed land cover to farmlands, grazing lands, human settlements, and urban centres at the expense of the natural vegetation (Kabubo-Mariara et al., 2010) . These changes are associated with deforestation, biodiversity loss, and land degradation (Maitima et al, 2009 ). For example, in the early 2000s, approximately 30 % of Kenya's land was affected by very severe to severe land degradation and an estimated 12 million people, equivalent to a third of the Kenya's population, depended directly on that land which was being degraded (Bai and Dent, 2008) .
Improving agricultural productivity is central in achieving Kenya's Vision 2030 goals. However, widespread land degradation, exemplified by soil erosion and declining soil fertility, which in turn leads to falling production, remains a big challenge in the region (Kimaru and Jama, 2005) . Over the last three decades, soil erosion and land degradation have become major environmental concerns and present a formidable threat to food security and sustainability of agricultural production (Kabubo-Mariara et al., 2010) .
In Lugari Sub-County deforestation is still rampant particularly in villages and among farmers where land for cultivation is priority. Population pressure, improper Government policies and disruption of indigenous traditional land-use management practices, have contributed to accelerated degradation of forest land and loss of biodiversity (Wafuke, 2012) . These human activities have resulted in intensive land use, modification, and alteration of the status of the land use and land cover change over time as stated in the Lugari Sub-County Development Plan, 2008 Plan, -2012 . This study therefore sought to; Analyse the extent of land degradation in Lugari SubCounty Identify the causative factors for land degradation in Lugari Sub-County Analyze the effect of implemented land conservation measures and propose sustainable land use options. ERDAS imagine remote sensing software and ArcGIS 10.2 were used for the image geo-referencing and land cover processing. Various color composites and band ratios were derived to enable image interpretation. In false colour composites of bands 4, 3, 2 which offers information and color contrasts enabling the classification. This captured details relating to natural forests, planted forests, farmlands, cleared forests, sugarcane zones, shrubs and riverine vegetation.
METHODOLOGY
The image classification process involved both supervised and unsupervised classification in order to come up with a current depiction of the state of land use and land cover in the Sub-County. Six thematic vegetation types i.e. forest plantation, cleared forests, agricultural farmlands, sugarcane zone, riverine vegetation, and shrub lands were digitized as training sites for the supervised classification. This was followed by on screen digitization to clarify different land use clusters since the study area is small and details of land use could be confirmed from other sources such as the Google earth maps. The same procedure was repeated for all the years of monitoring. The vector layers were used to derive areas of land use change over time in Arc GIS software and such areas were identified for patterns to allow attribution of the causes of change.
To confirm the cause of land cover change and identify the impacts on the ground, a survey using a set of questionnaires in 100 sampled households was used to test land use activities, household composition, and income/source of livelihood, education, and land management and conservation measures at household levels. The sampling was proportionally allocated to cover the two agro-ecological zones; Upper Midland (UM3/UM4) s and Lower Midland (LM2 LM3-4) zones of the study area (Kenya Soil Survey [KSS], 2011).
Sampling was also done to identify the key informants from government departments like the KFS (Kenya Forest Service), KEFRI (Kenya Forestry Research Institute), District Agricultural Officer(DAO), DELDO (District Environment and Land Development Officer), and National Environment Management Authority (NEMA). The study also employed field observation and photo recording techniques to gather and capture information on indicators of land degradation. Field survey also provided opportunities to the researcher to gather and review the available existing secondary data and documentations from Kakamega County Offices.
The data collected were first collated, and then assigned to numerical codes. Both questionnaires were designed to allow the vital statistics on the responses be sought, and included variables such as sex, household composition, occupation and educational level of the household members, land ownership, and land management practices. Correlation and regression analysis were performed. The regression equation is shown below.
Independent variables (Land use)
Cultivation (X 1 ), construction (X 2 ), grazing (X 3 ), fallow land (X 4 ), agro forestry (X 5 ), forest plantation (X 6 ) Dependent Variable Land Degradation (Y) The multiple regression model is thus represented as; Y = a + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 4 X 4 + β 5 X 5 + β 6 X 6 The β-values tell us about the relationship between land degradation and each predictor variable (land use and land management practices).
The collected data were analyzed using the Statistical Package for Social Scientists (SPSS) version 18. Variables such as sex, land ownership, land use among others were analyzed using descriptive statistics such as cross tabulations and frequencies. Relationship strength using Linear Regression and Pearson's Moment Correlations were conducted (confidence level of 95%) to test the relationship between human activities and land use land cover change (which were used as proxies of land degradation).
The study carried out a correlation to investigate the association between different land use practices responsible for land conversion and the existing land conservation measures. In this case, correlations was used to give the numerical value of the strength of this association by Land Use Land Cover Change on land degradation. The study also undertook a regression analysis of the linkage between Land Use Land Cover Change (LULCC) and land degradation so as to determine the influence of the independent variables on the dependent variable. Regression analysis allows us to be able to make predictions of relationships between variables.
RESULTS
The results show that agricultural land gradually increased throughout the study period. For instance, the area of land under rainfed agriculture increased from about 45, 836 ha to 46, 124 ha between 1973 and 1988. This was a percentage change of 0.63 in a period of 15 1989, 1999, and 2009 respectively showing a much bigger increase. The large population increase and the low increase in agricultural area was attributed a s a factor leading to intensive farming which depletes soils nutrients and interferes with soil texture hence exposing it to erosion. An analysis of the relationship between land use and land degradation is illustrated in Table 1 . The output shows that land cultivation and land size have a Pearson correlation coefficient of r = -0.370 at significance level of p < 0.01. This then signifies that the impact of degradation due to cultivation on the land in the area would reduce by 37% if the land size under cultivation is increased.
The output also shows a negative relationship between grazing and land size with a Pearson correlation coefficient of r = 0.354 and the relationship is significant at 0.01 level of confidence. This level of significance indicates that the impact of degradation due to grazing activities on the land will reduce as land size increases. The correlation output also gives a negative relationship between agro forestry and land size with a Pearson correlation coefficient of r = 0.300, which is a significant relationship with a confidence level of 0.01.
Further, agro forestry is positively correlated to grazing with a Pearson correlation coefficient of r = 0.213 and it is significant at p < 0.05 confidence level. A positive relationship between agro forestry and grazing indicates that adopting agro forestry as a land conservation and management measure in the area would make it possible to increase the land for grazing of animals because intensified cultivation would definitely reduce. Lastly, the output indicates a positive, significant, linear relationship between forest plantation and agro forestry practices in the area with a Pearson correlation coefficient of r = 0.335 at p < 0.01 level of confidence. This positive relationship between the two variables would signify that the households in Lugari Sub-County engaged in forest plantation or on-farm tree planting are more likely to adopt agro-forestry practices as additional methods of land conservation and management and vice versa. Table 2 summarizes the results of the regression analysis between land use and land degradation. From the table, a negative relationship has been generated for the model with Land degradation as the independent variable and Land use activities and management as the predictor variables for the model. Only livestock grazing and land cultivation show a significant relationship. Regression analysis assumes that the relationship 0042 E3. J. Environ. Res. Manage. Figure 1 and 2 emanating from a rising Land cultivation and livestock grazing are the major contributing factors to land degradation in the district. At confidence level of 95% or P ≤ 0.05 both cultivation and livestock grazing had significant values as follows: cultivation (P = .018) and livestock grazing (P = .04). The area has also experienced a rapid growth in population density over time. For instance, population density was 206, 321, and 440 persons per square kilometer in 1989, 1999, and 2009 respectively. The growing trends of population and the consequent demand for food, energy, and housing in the area have considerably altered land use practices, reduced both plantation and natural land covers and severely caused land.
DISCUSSIONS
The results showed that there was a percentage change of 0.63 in a period of 15 years of 1973-1988 and a percentage increase of 0.9 in only seven years from 2003-2010. This has been attribute to a rapid growth in population density over time. The growing trends of population and the consequent demand for food, energy, and housing in the area have considerably altered land use practices, reduced both plantation and natural land covers and severely caused land degradation.
The study concludes that land cultivation and livestock grazing are the major contributing factors to land degradation in Lugari Sub-County. The study concludes that human clearing forest land for cultivation and grazing can be attributed to the land degradation experienced in Lugari Sub-County which has led to large rates of encroachment into forested areas.
Afforestation, reforestation, and social forestry programs should be implemented at the local levels in the area so as protect land cover and to preserve the existing forests and vegetation in the area. The government must demonstrate the benefits of agro-forestry to the farmers so they can participate effectively throughout the entire district to assist in reducing the pressure on available land and vegetation resources in the Sub-County.
There is need to carry out the animal/livestock carrying capacity studies and discourage the residents in this area from rearing of livestock in excess of the carrying capacity. This would introduce better producing animals in zero grazing units while farming should aim at the most adaptable and high producing cultivars of the various crops planted here. Efforts should be made to educate the residents in Lugari Sub-County and their local leaders about the adverse effects of human population on the environment through specially designed Information, Education and Communication activities.
